This study aims to provide information on the relationship between the accessibility of healthcare and avoidable mortality. Many of the general indicators such as health care expenditures, mortality, life expectancy are insufficient in comparing the national healthcare systems, because they explain only a small amount of diversity caused by socio-economic factors. The study is based on the panel data analysis for the period from 1998 to 2015 in Slovak republic. As the indicator that takes into account socio-economic factors and represents the level of provided healthcare, the depended variable is avoidable mortality. Independent variables represent the availability of healthcare in regions. Models were estimated separately for women and men. The results demonstrate differences between sexes, lower amenable mortality in case of women, correlated to availability of practitioners, dentists, specialists, pharmacies and gynecologists. For men, there is evidence of a relation between amenable mortality and the accessibility of specialists, pediatricians, practitioners and pharmacies.
Introduction
Comparison of health care systems becomes more problematic because the variety of provided health care and health system has raised. As the countries become the members of the World Health Organization, healthcare systems of separate countries are open not only locally and nationally but also internationally. The basic models of health care systems are the Beveridge model, the Bismarck model, the National Health Insurance Model and the Out-of-Pocket model. The models differ mostly economically (by financing schemes and ownership type) and its implementation is given historically. In the Beveridge model, the hospitals and Gavurova, B., Toth, P. Ciutienė, R., & Tarhanicova, M. (2019) . The impact of healthcare availability on the amenable mortality: Country study. Economics and Sociology, 12(3) , 236-250. doi:10.14254/2071-789X.2019/12-3/16 importance. The older the population is, the coronary system problems (that are the main causes of amenable mortality in Slovakia), become more evident.
The most common health system obstacles in Slovakia are low efficiency of the whole system, outdated medical facilities and high average age of general practitioners. Historically, there were many reform efforts to improve the Slovak health system. The best known have started in 2002, resulted in health legislation changes and transformation of inssurance companies. Other reforms, that are still in process, cover primary health care, health education system, implementation of e-health, diagnostic and therapeutic procedures, broadening the competences of general practitioners and integrated health care centers. All of the the reforms determine the whole health system of Slovakia and make it unique when comparing to other countries.
As it was mentioned above, avoidable mortality is an indicator that includes important social-economic aspects and therefore provide good measure to compare the health efficiency of Slovak districts. In this study, amenable mortality is calculated and used to examine the level of healthcare across all Slovak districts. In general, healthcare becomes more accessible even to socially disadvantaged when there is sufficient access to it. The number of different types of health facilities represents healthcare availability (accessibility) in this research. After the computation of amenable mortality within Slovak districts, the briefly comparison of amenable mortality across them will take place. Next part of study covers the examination of relationship between the amenable mortality and health care accessibility (represented by number of several types of health care facilities). It is examined separately for women and men in the case of Slovak republic during the period from 1998 to 2015. The results of the panel data analysis are presented in the results part, followed by the discussion, where the results are discussed, and by the conclusion. The structure of this study is as follows: introduction, literature review, methodological approach, research results, discussion and conclusion.
Literature review
Considering both, the specificity of provided healthcare and diversity of health systems, it is problematic to compare the health care quality and efficiency at regional and international level (Dwyer-Lindgren, et al., 2016; Dopico, 1987; Hakulinen, et al., 1986; Mackenbach, et al., 1988; Lozano, et al., 2012; Wang, et al., 2012; Rudawska, 2017; Staňková et al., 2017) . Historically, general health care indicators such as healthcare spending, hospital facilities access, mortality, life expectancy, etc. were used to compare effectiveness of healthcare systems across world (Carinci, et al., 2015; Kabir, 2008; Feinstein, 1993; Simionescu et al., 2019; Dumitrescu et al., 2014) . The quality of health care is the indicator that determines the health of the population (James et al., 2006) . Rutstein, et al. (1976) first defined "quality" as the effect (outcome) of health care for individuals and populations. Examining geographic and socioeconomic influences in healthcare outcomes is crucial for finding areas in which improvements of accessibility, quality and timeliness are needed (Lavergne & McGrail, 2013) .
To analyse multiple metrics of different inputs and outputs more effectively, ratios and econometric/mathematical programming were used. DEA (data envelopment analysis) and SFA (stochastic frontier analysis) were the two of mostly used linear methods in studying the health care efficiency (Asandului et al. 2014; Benicio & Mello, 2015; French & Jones, 2006) . In the study , the authors conclude that the high level of health attained in the countries does not have to be directly related to the state of the health system as such, but rather to the coincidence caused by the geographical location of the country, the dietary habits of the population, or the implemented policies in other sectors.
Generally, mortality is used as an indicator of the quality and safety of healthcare provided. In in-depth analysis, it is necessary to pay attention not only to the overall mortality but also to its causes. Information on the causes of death in individual countries depends on historical, demographic and socio-economic developments, which directly determines the level of quality of health care (Kjellstrand et al. 1998) . Analytical mortality indicators are mortality median, infant mortality, perinatal mortality, neonatal mortality, mortality rate, standardized mortality rate (Reidpath & Allotey, 2003) .
Avoidable mortality is the special type of mortality (Rutstein et al., 1980) , which was applied in the 1960s for the first time. Scientists have developed the concept of avoidable mortality as a possible indicator for measuring the effectiveness of healthcare systems because it expresses a mortality rate that can be avoided by appropriate healthcare interventions and adequately implemented health policies (Gavurova & Vagašová, 2015) . Using avoidable mortality is a simple and practical population-based method that monitors early and unnecessary deaths that could be avoided if effective public tools were available. Nolte & McKee (2004) investigated more than 70 studies addressing avoidable mortality. Studies have concluded that socio-economic factors (e.g. education, unemployment, socio-economic status, income level) are associated with avoidable mortality. Ramkissoon (2013) describes avoidable mortality as an indicator of quality of health care.
Social groups that are considered to be socially disadvantaged due to their ethnic origin or socio-economic characteristics are at greater risk of death that can be avoided. There is also a trend for a faster decline in avoidable mortality, such as a drop in mortality, to those causes that we consider to be irreversible. Sundmacher (2013) , in his study, concluded that there is only a slight difference in the development of avoidable mortality between men and women. On the contrary, the authors (Hoffmann et al. 2014) in their study pointed out that avoidable mortality is higher in areas with social deprivation, and mortality rates also differ between genders and cities.
Between 2000 and 2015, a decrease in avoidable mortality has been recorded all over Europe. The English Ministry of Health uses avoidable mortality as one of the main indicators of health care performance. The Commonwealth Fund in the US uses avoidable mortality to compare the performance of 50 US states (Schoenbaum et al. 2011) . In Norway, between 1994 and 2011, income-related inequalities in avoidable and its two components, amenable and preventable mortality, have remained relatively constant. All of them were mainly correlated with the relationship between income and avoidable mortality rather than with variations in the Gini coefficient of income inequality (Kinge et al. 2015) .
Avoidable mortality is divided into amenable (curable) mortality and preventable mortality. Wheller et al. (2007) defined preventable mortality as a mortality that can be avoided by individual behavior or public health measures that limit individual exposure to harmful substances or conditions. Amenable mortality is generally defined as premature death rate that should not occur in the presence of effective and timely health care. In the case of curable mortality, early intervention can prevent death to a certain age limit (James et al., 2007) . Preventable mortality is also used as one of the indicators of the effectiveness of health care (Mackenbach et al. 2017; Nolte & McKee, 2011; Charlton et al. 1983; Charlton & Velez, 1986) .
The limitations of using the amenable mortality as an indicator of the performance of the health system internationally are the health care access, availability, different diagnosis pathway (Reid, 1962) , regional inequalities (Charlton et al. 1983; Andreev et al. 2003 ) and the problem of identification of main cause of human death. Death can occur due to a number of reasons and therefore it can occur due to contraindications caused by other diseases (Bauer and Charlton, 1986; Treurniet et al. 1999 ). Hoffmann et al. (2014) affirmation that there are significant geographical differences in the level of avoidable mortality between neighboring regions.
Differences in the availability of healthcare resources, patient and provider cooperation, affect the quality of healthcare services and patient outcomes differently. Efficient management of resources and processes influence the quality of health services (Mosadeghrad, 2014; Persona et al. 2008; Battini & Rafele 2008; Krot & Rudawska, 2017; Miguel Cruz & Guarín 2017; Gianino et al. 2017) . Many studies of amenable and preventable mortality and their determinants are based on the production function of health (Nolte & McKee, 2004) . While the avoidable mortality in the form of a amenable or preventable represents the output, inputs are healthcare expenditure (Poikolainen & Eskola, 1988) , number of healthcare workers per capita (Poikolainen & Eskola, 1988; Kunst et al. 1988 ), the number of hospital beds, the number of health care facilities in the region (Pampalon, 1993) and the rate of consultations with practitioners (Humblet et al. 1987) .
In general, the health systems are the objects of criticism because of their low efficiency in providing services and inefficiency in allocation of resources (Anand & Bärnighausen, 2004) . There are many important indicators that partially allow to compare the effectiveness of health care and health systems in different regions within country. Many of them don´t include social and economic situation of citizens, however the amenable mortality is connected to social status of citizens (Nolte & McKee, 2004) . Access to healthcare is inevitable element in improvement of health level of country (Lankila et al. 2015; Kunst et al. 1988a ). Good health care accessibility is key element of lowering the avoidable mortality. Not equal health care accessibility across regions may influence the amenable mortality differently. Amenable mortality can differs across regions even when comparing men and women. There are studies, that deal with the general mortality, that doesn´t reflect the social characteristic of citizens, therefore using the amenable mortality would raise the value of research (Reidpath & Allotey, 2003; Wang et al. 2012) . However, there is a lack of studies that deal with the problem of health care accessibility and amenable mortality at the same time. It´s inevitable to fill this gap and therefore to provide scientific research and study in order to get to know, whether the number of health facilities may influence the amenable mortality or not, supposing that better health care accessibility decreases the amenable mortality.
Methodological approach
We used data from two sources. The first source is National Health Information Centre of the Slovak republic (NHIC) from which the database of the mortality originates. This database consists of all deceased in the Slovak republic since 1995. The database of the population in Slovak regions and database of the number of healthcare facilities in Slovak regions come from the Statistical Office of the Slovak Republic (SO).
Database of healthcare facilities include number of eleven types of healthcare facilities: hospitals, health centres, paediatricians, practitioners, gynaecologists, pharmacies, emergency medical services, specialists, dentists, blood transfusion stations and medical supply store. Data are available for Slovak regions. There are eight regions in the Slovak republic: Bratislava region, Trnava region, Nitra region, Trencin region, Zilina region, Banska Bystrica region, Presov region and Kosice region. Due to the availability of healthcare facilities data, we realized analysis for years from 1998 to 2015. The database of the population consists of age-specific population in Slovak regions.
Analysis is divided into two parts. Firstly, it is necessary to compute amenable mortality. Then, we estimated a linear panel model in order to find out the impact of number of healthcare facilities on the amenable mortality in Slovak regions.
Amenable mortality belongs to the concept of the avoidable mortality. The list of causes of the amenable mortality is given by the Office for National Statistics (2013) and accepted by the European Commission. Complete list of diagnosis is presented in Table 1 . Because of our dataset of deceased consists of ICD-10 codes of three-character, we omitted four-character diagnosis. For most of the causes of death, the age limit has been set up to 74 years for both sexes. There are several diagnoses with lower age limit because it is supposed that treatment is ineffective in case of elderly people.
The computation of the amenable mortality is based on the standardized death rate (SDR). The amenable mortality in region i is given as a sum of SDR for specified causes and age categories. According to Anderson & Rosenberg (1998) and Curtin & Klein (1995) , SDR is expressed by the equation (1), where x represents age category 0, 1 -4, 5 -9, …, 90 -95, 95+, mix is age-specific death rate and ESP denotes the European Standard Population set by the 
100,000
(1)
The age-specific death rate mix is calculated by the equation (2), where Dix signs the number of deceased in the age category x in region i and Pix represents average population in the age category x in region i. =
Our analysis of the impact of healthcare facilities is related to the production function of health presented by Kamarudeen (2010) . That approach is based on the assumption that health outcome dependents on the medical or healthcare variables and other non-medical variables. Production function of health is given by the equation (3), where Hit denotes a measure of the health outcome in region i at time t, Mit expresses medical or healthcare variables in region i at time t, Eit is a list of non-medical variables in region i at time t, αi, β and γ are estimated regression coefficients and εit is the error term.
Based on the production function of health, we built the linear panel model with dependent variable amenable mortality and seven explanatory variables expressing the healthcare availability. We selected these variables: (x1) paediatricians, (x2) practitioners, (x3) gynaecologists, (x4) pharmacies, (x5) emergency medical services, (x6) specialists and (x7) dentists. Other healthcare facilities were omitted because of their low number in regions, which could have negative impact on the model. Similar studies were analysed by many authors, e.g. Lankila et al. (2015) , Dussault & Franceschini (2006) and Anand & Bärnighausen (2004) .
We estimate three linear panel models for each sex. The first model is pooling model, which assumes parameter homogeneity (Croissant & Millo, 2008) , the second model is fixed effects model and the third is random effects model. To find the most appropriate model, we apply several tests commonly used. All analysis and outputs are realized in the R Software environment (Development Core Team R., 2017).
Research results
The Slovak Republic is a heterogeneous country according to many indicators. The significant regional disparities are obvious in case of amenable mortality. Amenable mortality for men in 2015 in Slovak districts is depicted in Figure 1 . The highest amenable mortality of men is in the south part of the country (Kosice region and Banska Bystrica region). Amenable mortality is there higher than 450 deaths per 100,000 inhabitants. On the other hand, the lowest amenable mortality is in general in the north part (Zilina region) with the amenable mortality about 250 deaths per 100,000 inhabitants.
Based on the realized tests, the most appropriate model is Fixed effects model. There are four statistically significant variables in the model. The first one is the number of paediatricians (x1) with positive value of the estimated coefficient, which mean that increase in the number of paediatricians in the region by one unit will lead to the increase in the amenable mortality in the region by 3.885 deaths per 100,000 inhabitants. We estimated linear panel models that express the relationship between amenable mortality and availability of healthcare facilities. We estimated three panel models: fixed effect model, random effect model and pooling model. Due to the fact that there are cross-sectional dependence and serial autocorrelation in the model, so we used estimation based on the robust covariance matrix. The estimated regression coefficients for men are shown in Note to the table: ***, **, * denote significance level on 1, 5 and 10 % respectively.Variables are denoted as follows: (x1) paediatricians, (x2) practitioners, (x3) gynaecologists, (x4) pharmacies, (x5) emergency medical services, (x6) specialists and (x7) dentists. According to the Poolability test, panel model is appropriate for individual effects (F=2.118***) but not for time effects (F=1.192) . F test confirmed the existence of the individual effects (F=9.477***) as well as for time effects (F=30.864**). Based on the Pesaran CD test, cross-sectional dependence is confirmed in our model (Z=52.476***). Breusch-Godfrey test for serial autocorrelation affirms the existence of the serial correlation (Chisq=620.86***). Hausman test prefers the fixed effects model.
The same situation is in the case of the number of practitioners (x2), when the growth by 1 unit in the region will increase the amenable mortality in the region by 1.482 deaths per 100,000 inhabitants. On the other hand, if the number of pharmacies (x4) rise by one unit in the region, the amenable mortality will decline by the 3.904 deaths per 100,000 inhabitants. It is also the case of the number of specialists (x6), when the increase in the region by one unit leads to the decrease of the amenable mortality by 0.377 deaths per 100,000 inhabitants. Estimated regression coefficients for women are shown in Table 3 . According to the Hausman test, we chose the random effects model. There are five statistically significant variables in the model. The first one is the number of practitioners (x2). The estimated coefficient is 0.724, which means that if the number of practitioners in the region rise by one unit, the number of deaths will increase by 0.724 per 100,000 inhabitants. The same impact has the number of dentists (x7) with estimated regression coefficient 0.557. Negative estimated coefficients have the number of gynaecologists (x3), the number of pharmacies (x4) and specialists (x6). The increase of these healthcare facilities in the region will leads to decrease of the amenable mortality of women in the region.
Discussion
Term avoidable mortality with its two main indicators (amenable and preventable mortality) provides information on deaths that would not occur, if better health care were provided. Both indicators of avoidable mortality are widely used to examine the health care efficiency and to compare health care efficiency across the regions. Slovakia is the country that isn´t developed uniformly. While there are regions with high economic progress, the other parts of Slovakia are known for the higher unemployment and their progress is not evident. Amenable mortality differs from West to East of the country. In general, higher the accessibility of health care is, the more efficient it should become. However, the evidence of relationship between the number of health care facilities and amenable mortality stays unclear.
In this study we calculated the amenable mortality based on the standardized death rate (SDR) to identify the regions that may have the higher mortality rate. Analysis of panel data was conducted in order to detect the relationship between number of several types of health facilities and amenable mortality. As the analysis shows, for men, the fixed effects model was identified as the most appropriate to model the relationship between amenable mortality and availability of healthcare facilities. In case of women the most suitable model for intended analysis was the random effects model. Lankila et al. (2015) stated that the longer distance to health centre services may be the obstacle in health care use. It may affect the decision of ill patients negatively, so they will not visit the doctor even they´re not in good health condition. Factors that are associated with the negative health outcomes are lack of resources (Dussault & Franceschini, 2006) . Study (Pampalon, 1993) suggests that deaths ought to be related to health facilities as they provide the health services. Their results are partly consistent with our finding, for men, number of specialists and pharmacies are negatively correlated to amenable mortality. If the numbers of specialists or pharmacies raises the amenable mortality decreases. In case of women, negative relationship exists between amenable mortality and number of specialists, gynaecologists and pharmacies.
On the other hand, our analysis shows the evidence of positive relationship between amenable mortality and some types of health facilities. For men, positive relationship is between amenable mortality and number of paediatricians and practitioners. For women, positive relationship is only between amenable mortality and the number of practitioners. In both cases, if higher number of health facilities represented better accessibility to health care, the interpretation of this positive relationship would be confusing. However, the positive relationship may reside from the fact, that there is an excess of practitioners in Slovak districts and the additional practitioners will not ameliorate the efficiency of health care (the amenable mortality will not decrease). Before further analysis it is necessary to define what does the health efficiency means in relation to health accessibility. When analysing the positive and negative relationships between variables it is necessary to take into account the similarities between both sexes. These similarities support the accuracy of our results.
One of the recommendations that resides from our study is to decrease the number of practitioners in Slovakia. As we were limited by many factors such as the lack of more detailed data and data on preventable mortality, other factors that influence the amenable mortality, to support our results and recommendations, the future studies in this field are needed.
Conclusion
Many of the health indicators such as health care expenditures, life expectancy, infant mortality are insufficient to explain differences caused by the diversity of health systems across the world. They do not even explain diversity caused by socio-economic factors. Examining geographic and socio-economic variations in healthcare service use and outcomes has the potential to highlight areas where improvements in availability, quality or timeliness of health care are needed. Following the results, amenable mortality of Slovakia is higher in the south part of the country. In most districts, amenable mortality is in case of both sexes over the average. In the eastern part of the country, the amenable mortality is the highest. The regions with the highest amenable mortality are Kosice region following by Banska Bystrica region. Based on the general knowledge of socio-economic situation in Slovakia, in these regions there are the least developed districts with the highest unemployment.
The main focus of this study is on modelling the relationship between the number of health facilities and amenable mortality. To examine this relationship, panel data analysis was conducted. The results are presented separately for women and men. As the research demonstrated, there exist some statistically significant differences between genders. We can see that for men, there are four statistically significant variables: number of paediatricians, practitioners, pharmacies and specialists. For women, statistically significant are the number of practitioners, gynaecologists, pharmacies, specialists and dentists.
For men, the evidence of negative relationship is between amenable mortality and the number of pharmacies and specialists, while other statistically significant variables are in positive relation explained variable. For women, the results show that the number of practitioners is positively correlated with amenable mortality. Number of the gynaecologists, pharmacies, specialists and dentists are correlated negatively.
The positive correlation between response and explained variable in our case may be caused by several reasons and might be the object of future studies. Even results show that there is an evidence of a relationship between the variables, the further research is needed. The limitation of this study is a lack of more detailed data and data on preventable mortality. The avoidable mortality covers not only the amenable mortality but also the preventable mortality. The statistical evidence of preventable mortality doesn´t exist in Slovakia. As preventable mortality is not covered in this study, it will be the object of future studies. The accessibility of healthcare in this study was represented by the number of health care facilities. Health production function allows to use other indicators that may influence the amenable mortality. Current study is focused on the Slovak districts; however next study may be conducted on more detailed geographic areas.
